Objective To compare maternal birth complications early versus late in the academic year and to evaluate the impact of resident work hour limitation on the "July effect." Study Design We conducted a retrospective, population-based cohort study of 628,414 singleton births in Washington State from 1987 to 2012 measuring the adjusted risk of maternal peripartum complications early (July/August) versus late (April/May) in the academic year. To control for seasonal outcome variation unrelated to trainees' involvement in care as well as long-term trends in maternal complications unrelated to variation in trainees' effect on outcomes across the academic year, we employed difference-in-differences methods contrasting outcomes at teaching to nonteaching hospitals for deliveries before and after restriction of resident work hours in Conclusion Women delivering at teaching hospitals early in the academic year suffered a modest but significant increase in complications before but not after resident work hour reform.
Each July in the United States, approximately 25,000 new doctors begin training in their chosen specialty. Others assume increased responsibility as upper-level residents, subspecialty fellows, or new attending physicians. Both physicians and the public worry that this transition results in worse outcomes for U.S. patients hospitalized in July or, in the United Kingdom, after the parallel transition in early August. [1] [2] [3] While some studies have suggested that the so-called July effect is a medical myth, larger studies tend to find a small but significantly increased risk of adverse outcomes for patients hospitalized early in the academic year.
1,4-6
Even a small July effect on maternal peripartum complications could result in significant morbidity burden at the population level. Neither of the two groups that examined this issue to date found a July effect during the peripartum period. 7, 8 Small patient samples, however, limited both studies' power to detect effect sizes of the order identified by larger, better-controlled studies in other settings. 1 Additionally, data for both studies predated restrictions imposed on U.S. resident work hours in July 2003, which aimed to reduce errors related to trainee fatigue but also triggered closer supervision of trainees by attending physicians and other changes in postgraduate medical education. 9 Such changes might be expected to mitigate the July effect. The objective of this study was therefore to investigate the July effect on maternal birth complications before and after work hour reform in a large, population-based cohort while controlling for both seasonal outcome trends unrelated to trainee involvement and long-term trends in obstetrics and obstetrical medical education not subject to variation across the academic year.
Methods Study Cohort
We conducted a population-based retrospective cohort study of births occurring at nonfederal hospitals in Washington State in the United States from 1987 through 2012 using a database of birth certificates linked to anonymized data from the Washington State Comprehensive Hospital Abstract Reporting System. The creation and validation of this database, which successfully matches 95% of statewide births to hospital discharge data, has been previously reported.
10,11 All successfully linked live births occurring early (July/August) or late (April/May) in the academic year were eligible for cohort inclusion. We excluded deliveries that occurred outside the hospital. Multiple births were excluded to avoid repeated counting of maternal outcomes linked to more than one birth. To allow accurate determination of outcomes, we also excluded deliveries missing the mode of delivery. We assumed a hospital with <10 births in a calendar year was not providing dedicated obstetrical services and excluded births at the facility for that calendar year. The Washington State Department of Health Institutional Review Board determined that this analysis of anonymized data was not human subject research and thus formal review was not required.
Outcome
The primary outcome was the occurrence of one or more maternal birth complications, identified using International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) discharge diagnosis and procedure codes (►Supplementary Table S1 , available in the online version).
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This outcome-a composite of peripartum bleeding, obstetric trauma (for vaginal deliveries), operative complications (for cesarean deliveries), infection, and other major organ system complications-was adapted from previously published definitions of significant peripartum complications offered by the World Health Organization and others. [13] [14] [15] [16] Prespecified secondary outcomes included two specific complications drawn from the composite outcome-surgical complications of cesarean delivery, and third-or fourth-degree perineal laceration after vaginal birth-hypothesized a priori to be particularly vulnerable to the effects of resident inexperience and supervision. Secondary outcomes also included the major categories of complication types nested within the overall composite outcome.
Exposures
The primary exposure of interest was delivery early in the academic year, defined as births in July or August. Deliveries in April or May formed the late academic year comparison group. We excluded June deliveries since graduation of responsibility in residency programs can occur in the latter half of this month. Teaching hospitals were defined as those sponsoring or affiliated with a residency training program in family medicine or obstetrics and gynecology. Each hospital's teaching status was determined from birth-year specific residency affiliation data obtained from the Graduate Medical Education Directory, published each year by the American Medical Association, and review of publicly available data.
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Using this data, hospitals' teaching status was reassigned annually, with the result that hospitals that gained or lost residency programs contributed data during residency-affiliated years as teaching hospitals and nonaffiliated years as nonteaching hospitals. As in previous reports, we classified teaching intensity at these hospitals as low, moderate, or high using the resident-to-bed ratio reported to Medicare (see ►Supplementary Appendix S1, available in the online version). 18 Births were categorized as before or after implementation of the 80-hour resident workweek in July 2003. Birth weight was divided into low (<2,500 g), normal (2,500-3,999 g), or high/macrosomia (4,000 g) categories.
19 Gestational age-determined from the provider's estimated age or, when this value was implausible (<17 weeks, N ¼ 9) or missing (N ¼ 42,247), from the mother's last menstrual period-was categorized as preterm (<37 weeks), term (37-41 weeks), or postterm (42 weeks). 20 Maternal age at birth was categorized as 19, 20 to 34, or 35 years. 21 Parity was categorized as 0, 1 to 4, or 5 previous births. 22 Maternal race and ethnicity were recorded from birth certificate data given reported associations with birth outcomes and seasonal birth patterns. 23 To allow risk adjustment for maternal comorbidities, we identified women with diabetes, gestational hypertension, and chronic hypertension based on (1) a diagnosis on the birth certificate and/or (2) a compatible ICD-9-CM discharge diagnosis (►Supplementary Table S2 , available in the online version). 24 Since birth certificate data on chronic maternal heart or lung disease were not available throughout the study period, these conditions were identified from discharge diagnoses alone.
Statistical Analysis
The primary statistical analysis employed multivariable Poisson regression with clustered robust variance estimators 25 to implement difference-in-differences models comparing the adjusted risk of 1 peripartum complication between women delivering early versus late in the academic year at teaching and nonteaching hospitals before and after implementation of the July 2003 resident work hour restrictions (see ►Supplementary Appendix S1 for additional detail, available in the online version). Difference-in-differences models, used in several studies of the July effect, employ concurrent controls (women delivering at nonteaching hospitals) to account for seasonal outcome variation not related to trainee involvement in patient care.
1,4,18,26,27
Critically, this analysis also controls for secular trends across the study period in peripartum complication rates, obstetrical management practices, and obstetrical training practices not subject to variation across the academic year. Covariates associated with birth month and peripartum complicationsincluding maternal age, parity, race, presence of 1 maternal comorbidity, and infant birth weight-were included in the multivariable model to adjust for differences in baseline risk. Subjects with missing data for any covariate were excluded from the multivariable analysis.
To evaluate whether more resident involvement influenced the strength of the July effect, we conducted a subgroup analysis focusing on deliveries at moderate and high-intensity teaching hospitals (Medicare-reported resident-to-bed ratio > 0.10 during birth year). We also performed a sensitivity analysis to investigate potential bias due to complete case analysis by repeating the primary Poisson regression using multiply imputed data (►Supplementary Appendix S1, available in the online version). Finally, since family medicine residents might be involved in fewer cesarean deliveries, we performed a sensitivity analysis excluding hospitals with obstetric residents to determine if our findings for surgical complications of cesarean delivery changed when restricted to hospitals with only family medicine residents.
Bivariable comparisons employed chi-squared tests. Relative risks (RRs) are reported with 95% confidence intervals. Confidence intervals for the latter are derived from robust standard errors clustered on hospital to account for nonindependence of outcomes within centers. A two-sided p-value < 0.05 was considered significant. Assuming a baseline 10% risk of 1 peripartum complication and based on the effect sizes reported in a recent systematic review, 1 we calculated that 115,000 eligible teaching hospital births in each birth era evenly divided between the studied months would yield 80% power to detect a RR increase of 5% for July/August births for each studied era. All analyses were performed in Stata version 14.0 (StataCorp LP, College Station, TX).
Results
Of 648,381 singleton births between 1987 and 2012 in July/ August or April/May in Washington State, 628,414 deliveries met criteria for inclusion in our study (►Supplementary Figure S1 , available in the online version). Deliveries occurred at 79 different hospitals, including 17 affiliated with a family medicine or obstetrics residency program for all or part of the study period. These teaching hospitals accounted for 233,870 deliveries (37.3%). Maternal and infant characteristics were generally similar between births in April or May and those in July or August (►Table 1). Births at teaching hospitals were more often premature and involved more women who were advanced maternal age, nonwhite, or nulliparous. Deliveries excluded from the multivariable analysis due to missing covariate data (N ¼ 24,765, 3.9%) were distributed equally across the academic year but occurred more often at teaching hospitals (►Supplementary Table S3 , available in the online version). Slightly more women with missing data were nonwhite, older than 35 years, or nulliparous. Women were more likely to suffer at least one peripartum complication at teaching hospitals than nonteaching hospitals (19.9 vs. 16.6%; p < 0.001). When stratified by birth before or after June 2003, we observed an increased risk of maternal complications at teaching hospitals for births early in the academic year prior to work hour alterations (RR: 1.03; 95% CI: 1.01-1.05) and a decreased risk (RR: 0.94; 95% CI: 0.92-0.97) afterward (►Table 2). Compared with nonteaching hospitals, births at teaching hospitals early in the academic year were associated with an absolute 0.9% increase in maternal complications prior to work hour modifications (p ¼ 0.002) and a 0.8% decrease in complications thereafter (p ¼ 0.014). While the risk of severe perineal laceration with vaginal delivery did not vary across the academic year, surgical complications of cesarean delivery were more common early in the academic year at teaching hospitals prior to July 2003 (►Supplementary Tables S4 and S5, available in the online version).
►Fig. 1 depicts the adjusted risk early in the academic year for the primary composite outcome, five major classes of peripartum complications included in the composite outcome, and the prespecified secondary outcomes also included in the composite outcome. For the composite outcome (►Table 3), adjusted risk of one or more peripartum complications was higher early in the academic year at teaching hospitals before July 2003 (RR: 1.05; 95% CI: 1.00-1.09; p ¼ 0.031). The decreased risk of complications early in the academic year at teaching hospitals post-July 2003 was not statistically significant in the primary analysis (RR: 0.96; 95% CI: 0.92-1.00; p ¼ 0.079) but was significant (RR: 0.95; 95% CI: 0.92-0.98; p ¼ 0.001) when only birth events at higher intensity teaching hospitals were considered (►Table 4). In an exploratory post hoc analysis, no single diagnosis or diagnostic category included in the composite outcome seemed to drive the observed association (►Supplementary Table S6 , available in the online version).
After risk adjustment, surgical complications of cesarean deliveries remained more common at teaching hospitals before (RR: 1.41; 95% CI: 1.15-1.74; p ¼ 0.001) but not after (RR: 1.00; 95% CI: 0.72-1.38; p ¼ 0.98) work hour revisions took effect in 2003 (►Supplementary Table S7 , available in the online version). As in the unadjusted analysis, we observed no July effect for severe perineal lacerations (►Supplementary Table S8 , available in the online version).
In the sensitivity analysis using multiply imputed data to investigate whether omitting cases with missing covariate data introduced bias into the primary analysis (►Supplementary Table S9 , available in the online version), we found that July or August teaching hospital deliveries had significantly more complications before July 2003 (RR: 1.05; 95% CI: 1.01-1.09; p ¼ 0.027) but fewer complications after July 2003 (RR: 0.95; 95% CI: 0.92-0.99; p ¼ 0.013). Similar to the primary analysis, in the sensitivity analysis restricting teaching hospitals to those hosting family medicine but not obstetrics residents, we observed a July effect for surgical complications of cesarean deliveries before (RR: 1.40; 95% CI: 1.14-2.00; p ¼ 0.004) but not after (RR: 0.97; 95% CI: 0.63-1.48; p ¼ 0.88) July 2003 (►Supplementary Table S10 , available in the online version).
Discussion
In a large, population-based cohort of singleton births between 1987 and 2012, we found evidence of a small "July effect" on maternal peripartum outcomes before implementation of the 80-hour resident workweek in 2003. Seasonal outcome variations were not significantly different between teaching and nonteaching hospitals after July 2003. In higher intensity teaching hospitals, however, we observed a modestly decreased risk for births early in the academic year after work hour reform. While measured effect sizes were small, they were in line with July effects identified by other large studies.
1 Based on an equal monthly distribution for 4,000,000 live births and conservatively estimating that 35% of U.S. births occur at teaching hospitals, our unadjusted findings suggest a July effect responsible for 2,001 additional complicated deliveries annually prior to July 2003. If significant, the trend toward a "reverse July effect" seen subsequent to the 2003 changes in postgraduate medical education would result in 1,911 avoided complications among teaching hospitals births in July and August. Concern over trainees' role in medical errors has prompted significant changes in graduate medical education in the United States in the past 15 years.
9,28 Obstetrical residents reported decreased fatigue and improved quality of life after implementation of the 80-hour workweek in 2003, but the impact on patient-centered outcomes is less clear.
29-31
Our results could indicate that after duty hour reforms, the beneficial effects of reduced trainee fatigue or, perhaps more likely, increased supervision by and direct involvement of upper-level residents and staff physicians more than compensated for trainees' inexperience early in the academic year. It is plausible that as the academic year progresses and residents receive more autonomy and responsibility, the reduced clinical experience resulting from duty hour restrictions exerts a greater effect on patient outcomes, [32] [33] [34] explaining the "reverse July effect" we detected among deliveries at higher intensity teaching hospitals after July 2003.
Compared with prior studies that did not detect an obstetrical July effect, 7, 8 we included many more women delivering early in the academic year and evaluated their outcomes against deliveries late in the academic year rather than to the entire remaining year. These factors increased the power of our study to detect a July effect of similar magnitude to that reported by other large, well-designed studies. 1 Additionally, neither of the previous studies adjusted for potential confounders of an obstetrical July effect such as maternal comorbidities, age, and parity. Most importantly, our difference-in-difference analyses referenced maternal outcomes at teaching hospitals to those at nonteaching hospitals, thereby controlling for seasonal outcome variations not attributable to trainees' involvement in patient care or modifications of the graduate medical education system. Our analysis also accounts for long-term shifts in obstetrical management and training during the study period unless, by differentially affecting maternal complications in April/ May versus July/August, these evolving practices were of interest for the question investigated here. As with any observational study, our results do not prove causality. Seasonal variations in birth rates and such outcomes as preterm birth have been hypothesized to result from differential conception patterns among women of differing age, socioeconomic status, health, and fertility. 23, 35 If higher risk births occur early versus late in the academic year at teaching hospitals, this could bias our results. While we adjusted for plausible risk factors for adverse outcomes, we cannot exclude the possibility of residual confounding. Most births at teaching hospitals in this study occurred at low-intensity teaching hospitals as defined by a ratio of resident full-time equivalent positions to hospital beds <0.10. More deliveries by nonresident providers instead of trainees in these facilities potentially diluted the July effect we measured. Indeed, compared with the primary analysis, the protective effect of delivering early in the academic year post-July 2003 was stronger and statistically significant at higher intensity teaching hospitals. On the other hand, the similar magnitude of the pre-work hour reform July effect measured by the primary and subgroup analysis is reassuring. Our study has several additional limitations. We defined outcomes and maternal comorbidities from hospital discharge diagnoses. However, maternal comorbidities and pregnancy complications are underreported in both hospital discharge and birth certificate data when compared with medical records. 11, 24 Where possible, we defined comorbidities by combining these data sources, which has been shown to improve sensitivity. 24 Nevertheless, we likely underestimated the prevalence of maternal comorbid conditions. Outcome definitions based on coded discharge diagnoses are more sensitive and specific but remain imperfect.
11,14
Restriction of the analysis to live births may also have contributed to underestimation of maternal complications and comorbidities. Fortunately, we do not have reason to suspect differential misclassification between exposure categories. Aside from the prespecified analyses of severe perineal laceration and technical surgical complications, the analysis of individual complications nested within the composite outcome were conducted in an exploratory post hoc fashion and are subject to inadequate power and an increased risk of type I error due to multiple comparisons. These analyses should be considered hypothesis generating. Finally, given between-country differences in graduate medical education, our results may not be generalizable outside the United States.
Conclusion
A modest but significant July effect on women's peripartum complication risk resolved, and possibly reversed, after restriction of resident work hours in 2003. Future studies should investigate the mechanism of these changes and whether this phenomenon extends to other patient populations. Identifying aspects of medical education policy and practice influencing seasonal outcome variation could guide future graduate medical education reform and improve patient safety at teaching hospitals.
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